Background -There is growing concern about health effects of air pollution in the UK. Studies in the USA have reported
adverse effects on lung function among children but no comparable studies have been published in the UK. This study investigates the relationship between daily changes in ambient air pollution and short term variations in lung function in a panel of school children. Methods -One hundred and fifty four children aged 7 pglm'). The effect on FEVo.75 was similar (-0.5%) but was not significant when weighted by IISE' (95% CI -1.2% to 0.2%). There was no effect of PM,o levels on the FEVO.75/FVC ratio. No significant association was seen between FEVO.75, FVC, or the FEVO.75/FVC ratio and either ozone or nitrogen dioxide levels. There was no evidence that wheezy children were more affected than healthy children. Pollen levels on the previous day had no effect on lung function and did not change the air pollution results.
Conclusions -There is a very small, but statistically significant, adverse effect of airborne respirable particulate matter, measured as PM,0, on lung function in this study group. There is no evidence for an inverse association of lung function with levels of ozone or NO measured on the previous day.
(Thorax 1996;51:1109-1114) Keywords: air pollution, particulates, lung fimction, school children.
There is growing concern about the health effects of air pollution within the range observed in the UK at the present time. 
Methods

SUBJECTS AND MEASUREMENTS
Classes in which most children were aged eight or over were eligible for inclusion in the study. Parents were sent an explanatory letter, a consent form, and a brief questionnaire about their child's respiratory health based on a standard asthma questionnaire.'0 Lung function was measured every school day from 6 June to 21 July 1994 using S-model vitalographs (Vitalograph Ltd, Buckingham, UK). Before the study began a training day was held, supervised by a senior respiratory epidemiologist (DPS). The staff who would subsequently supervise the study on a day-today basis were firstly trained to operate the vitalographs and then the children were trained how to blow. Children who were unable to master the technique of blowing (only a very few) were still allowed to participate but their spirograms were discarded. Great emphasis was put on each child using maximum effort throughout the entire study period. Each child was supervised for each blow throughout the study.
Other factors which may influence lung function measurements were also recorded daily. These included time of measurement, symptoms of respiratory infection, vitalograph used, and vitalograph operator. Children on medication for asthma were asked whether they had taken any medication that day. Unfortunately, the quality of these data was poor and so they were 
STATISTICAL ANALYSIS
The general approach was to analyse the relationship between lung function and ambient air pollution separately for each child and then to pool the results." Thus, each child acted as his or her own control. The mean lung function measure was calculated for each child and then the difference between this mean and each day's reading was noted. This gave a set of daily deviations from individual means which were adjusted by multiple regression for the following "nuisance" variables: machine (n = 5), operator (n = 10), time of day and day of week (weekends versus weekdays). Time of day had no significant effect on lung function and so was omitted. We also tested for a time trend ("learning" effect) but none was found. For each child the adjusted daily deviations were used as the outcome variable in a multiple regression analysis investigating the effect of each pollutant in turn and allowing for confounding by temperature, humidity, and pollen count. To allow for first order autocorrelation, these analyses used Cochrane-Orcutt regression." Individual scatterplots of the raw data suggested linearity for most children and so linear terms were used in the regressions. Most children were measured in the morning and so it was appropriate to consider pollutant measures lagged by one and two days. Stronger associations were found with one day lags and so these are reported here.
The individual regression analyses produced a regression coefficient for each child which described the linear relationship between lung function and each air pollutant. The heterogeneity ofthe slopes was tested using a standard test.'3 It seemed likely that the precision which could be attached to the slopes would vary between individuals and hence some form of weighted summary measure might be appropriate. The precision of a slope is related to the number of observations on the subject and the fit of the line. It was not obvious which was the most appropriate weight to use and so we computed three summary measures: an unweighted average, an average weighted according to the number of observations, and an average weighted inversely according to the variance ofthe slope. The method for weighting inversely according to the variance took into account both within and between subject variability. 14 All statistical analyses were done using STATA. 15 In summarising the effects of the various pollutants we have used percentage rather than absolute changes in lung function since mean lung function increases with age among children so the clinical importance of absolute changes is not constant. In addition, the use of percentage changes allows comparison with studies in adults.
Ethical approval for the study was obtained from North West Surrey local research ethics committee.
Results
STUDY SUBJECTS
One hundred and fifty four children (63 boys) took part in the study. Fourteen had wheezed in the past 12 months, nine of whom were on medication for asthma. A further 14 children had wheezed previously but not in the past 12 months. Lung function measurements were taken on a total of 31 school days; 92% of children had 25 or more readings. There was a positive correlation between NO2 and ozone levels but little association The regression coefficients for the 14 current wheezers (fig 2, black shading) Exposure to air pollutants was assessed by a monitor at the school itself. Since most children lived nearby in the town ofEgham, the estimate is likely to be applicable to out of school exposure also. However, the actual dose to the lung would also have been affected by indoor levels of these and other pollutants and the level of exercise. Some children lived on the other side (downwind) of the motorway where levels of pollutants were about 30% higher on average.9
In this study we have adopted the estimation approach for presenting results rather than relying on p values since estimates and confidence intervals are generally accepted as being more informative than p values alone. Because of the highly correlated nature of the different outcomes and predictor variables considered, particularly when different lags were included, any attempt to quote p values corrected by the Bonferroni method would have very little power. What we have concluded is that there is evidence for a very small adverse effect of PM10, and we rest this on the general consistency of the PM,o results.
Deciding which is the "best" summary measure is not straightforward. The weighting (= 1) for the simple average is independent of the data and has some appeal. The number of observations is an intuitive choice since this is independent of the data values. Using the inverse of the variance of the slopes achieves a summary which is not unduly affected by a few very variable individuals. The converse ofthis is that this method would downweight individuals where the summary is a poor fit to the data, a consequence which would cause some concern. In this data set we checked those individuals with low weights to see ifthere was any evidence of a relation with the magnitude of the slope. No evidence was found and so we conclude that the summary based on weighting inversely by the variance is the most robust method.
The finding of a significant effect of PM1o levels on lung function is consistent with a number of studies from elsewhere, although the size of the effect is less. A recent review based mainly on American studies6 concluded that an increase of 10 jig/m3 in PM10 levels is associated with a mean reduction of up to 0.35% in FEV. This is considerably more than the equivalent decrement of 0.09% in FEV estimated from the present study. The levels of PM1o observed during our study reached the US EPAQS of 150 gg/M3 daily mean and frequently exceeded the recently published UK standard of 50,g/m3 for 24 hours. They were well within the range considered by an expert WHO group to be associated with significant health effects on lung function, daily mortality and hospital admissions, and symptom exacerbations in asthmatic subjects. 18 Little is known about the composition of PM1o in the UK. ' 21 and with evidence of lung inflammation and functional changes in chamber studies.2223 The lack of an association in our study is unlikely to be due to low statistical power. In studies in America the effect of ambient ozone levels tends to be greater than that observed in chamber studies, which suggests that other pollutants which co-vary with ozone may also be important. Perhaps the absence of an ozone effect in our study indicates that the pollution mix of which ozone is an indicator is different. An alternative explanation may be that the level of exercise of our primary school children was less than that in the American "summer camp" studies, resulting in a lower dose to the lung.
Levels of NO2 were well within health guideline levels and lower than have been found in chamber studies to be associated with measurable short term health effects.24 There are no reports of the effects of NO2 on children's lung function at these levels and our study confirms this. NO2 may have other effects, however, including an effect on the duration of respiratory illnesses in children,25and has been found in a geographical ecological study to be associated with an increase in hospital admissions for all respiratory admissions in children in the West Midlands.26 What are the public health implications of these results? A small reduction in lung function due to air pollution is very unlikely to cause lower respiratory symptoms in healthy individuals or even in asthmatic subjects.27 However, even a small shift in the distribution of lung function in the population is likely to have a disproportionate effect on the extreme end of the distribution where symptomatic individuals with lung disease are situated. Bearing in mind that there is considerable individual variation in the effects of pollution on the lung, it is plausible that the small mean effects observed in this study could be associated with short term effects on morbidity and even mortality -as has been reported elsewhere. 
